Stereochemistry of glutamate receptor agonist efficacy: engineering a dual-specificity AMPA/kainate receptor.
Upon agonist binding, the bilobate ligand-binding domains of the ionotropic glutamate receptors (iGluR) undergo a cleft closure whose magnitude correlates broadly with the efficacy of the agonist. AMPA (alpha-amino-5-methyl-3-hydroxy-4-isoxazolepropionic acid) and kainate are nonphysiological agonists that distinguish between subsets of iGluR. Kainate acts with low efficacy at AMPA receptors. Here we report that the structure-based mutation L651V converts the GluR4 AMPA receptor into a dual-specificity AMPA/kainate receptor fully activated by both agonists. To probe the stereochemical basis of partial agonism, we have also investigated the correlation between agonist efficacy and a series of vibrational and fluorescence spectroscopic signals of agonist binding to the corresponding wild-type and mutant GluR4 ligand-binding domains. Two signals track the extent of channel activation: the maximal change in intrinsic tryptophan fluorescence and the environment of the single non-disulfide bonded C426, which appears to probe the strength of interactions with the ligand alpha-amino group. Both of these signals arise from functional groups that are poised to detect changes in the extent of channel cleft closure and thus provide additional information about the coupling between conformational changes in the ligand-binding domain and activation of the intact receptor.